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ABSTRACT

The present investigation was carried out including 10 parents and their 45 half diallel crosses with
the objective to study the relationship between heterosis and diverse genotype. The Mahalonobis
D’values resulted in grouping of 10 parents into 3 clusters. Cluster | was comprised of four
genotypes, cluster Il comprised of five genotypes while, cluster Ill was found monogenotypic.
Cluster Il and Cluster Il had maximum mean values for 4 traits. Highest intercluster distance was
also observed in these 2 cluster followed by cluster | and Ill . Maximum intra cluster distance was
observed in cluster Il followed by cluster 1. The highest contribution in the manifestation of total
genetic divergence was exhibited by grain iron content followed by grain zinc content. The
relationship between parental diversity and heterosis indicated that majority of crosses belong to
moderate divergence class. The cross P,xPs exhibiting better parent heterosis for maximum traits
also exhibited at par mean performance for 5 traits including grain yield per plant over the better
parent. For grain zinc content, two crosses from high and low while, nine crosses from moderate
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significantly positive heterosis and SCA effects.

divergence classes reported positive significant heterosis and SCA effects. For grain iron content,
1 cross with high, 2 crosses with moderate while four crosses with low divergence classes reported

Keywords: D2 analysis; genetic diversity; heterosis; rice; cluster analysis; grain Fe content.

1. INTRODUCTION

Rice is the staple food for billions of people
throughout the developing world. But beyond
easing hunger pains and providing
carbohydrates for energy, it has little nutritional
value. Over two billion people worldwide suffer
from micronutrient deficiencies due to lack of
essential vitamins and minerals in their diet. Iron
(Fe) and zinc (Zn) deficiencies are the most
widespread and are particularly prevalent in
resource-poor countries where there is a heavy
dietary reliance on staple crops [1]. Genetic
variation for micronutrients in rice is reported to
be narrow especially for iron and zinc [2,3]. To
overcome micronutrient deficiencies in rice a
genetic approach called bio-fortification [4] has
been developed that aims at biological and
genetic enrichment of food stuffs in edible portion
of rice. Once rice is biofortified with vital
nutrients, the farmer can grow these nutrient
packed rice varieties indefinitely without any
additional input in a sustainable way. Being a
component of staple food, rice serves as an
effective carrier to target common people for
alleviating mineral deficiencies. This is also the
only feasible way to reach and provide with
essential nutrients to the malnourished
population in rural India. Using a plant breeding
approach to address micronutrient malnutrition
would provide a new tool in combating the
problem. The success of any plant breeding
programmes largely depends on the existence of
diversity among the genotypes [5] for trait of
interest. Therefore, accurate assessment of the
extent of genetic diversity acquires importance
for diverse applications in crop breeding
including introgression of desirable genes from
donor source and widening of genetic base.
Genetic diversity assessment helps in grouping
the germplasm into different clusters based on
trait similarity and differences that in turn helps in
selection of parents for hybridization for the want

of heterosis [6]. Multivariate analysis with D’
technigue measures the extent of genetic
diversity in a given population with respect to
several characters and assesses relative
contribution of different traits to the total
divergence [7]. Hence, estimation of genetic
diversity among genotypes is important for
planning the future crossing programme [8,9].
The extent of genetic diversity between parents
has been proposed as a predictor of F;
performance and magnitude of heterosis [10].
However, a strong correlation between heterosis
and parental divergence has been rarely
observed [9,11]. Hence, the proposed study was
carried out with the objective to evaluate rice
genotypes for assessment of relationship
between the performance of F; hybrid and
divergence of corresponding combining parents.

2. MATERIALS AND METHODS

Ten diverse genotypes of rice showing variability
for iron and zinc (Table 1) were selected from
Harvest Plus Trial conducted at Department of
Plant Breeding and Genetics, Dr. Rajendra
Prasad Central Agricultural University, Pusa,
Samastipur, Bihar. These genotypes were mated
in half diallel fashion to obtain 45 crosses during
Kharif, 2017. Observations for fourteen traits
were recorded on 5 randomly selected plants in
each entry (45 F;s+ 10 parents) except for days
to 50% flowering and days to maturity where
observations were recorded on plot basis. The
estimation of  micronutrients by X-Ray
Fluorescence Spectrometry [12] was carried out
at Harvest Plus Division, ICRISAT, Hyderabad.

The analysis of genetic divergence among the
parents was done using Mahalanobis D’
statistics [13] while the relationship between
parental diversity and heterosis over better
parent was carried out by the procedure as
suggested by Arunachalam et al. [14].

Table 1. List of parental genotypes

Sl. No. Genotypes Sl. No. Genotypes

1 IR68144-2B-2-2-3-1 (P1) 6 KALA JIRA JAHA (Pg)

2 HATI BANDHA (Py) 7 IR91175-27-1-3-1-3 (P7)

3 TEVIRII (P3) 8 R-RIZIH-7 (Ps)

4 NGOBANYO RED COVER (P.) 9 MTU 1010 (Po)

5 KHUSISOI-RI-SAREKU (Ps) 10 TEINEM RUISHENG MAA (P10)
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3. RESULTS

Tocher’s method of clustering utilizing D values
grouped ten parents into three clusters (Table 2).
Cluster | was comprised of four parental
genotypes (KHUSISOI-RI-SAREKU, TEINEM
RUISHENG MAA, R-RIZIH-7 and NGOBANYO
RED COVER), Cluster Il comprised of five
genotypes (TEVIRII, KALA JIRA JAHA, HATI
BANDHA, IR68144-2B-2-2-3-1 and IR91175-27-
1-3-1-3) while, the cluster Il was monogenotypic
in nature (MTU-1010). A comparison of the mean
values of 14 traits for different clusters showed
considerable differences (Table 3). Cluster Il had
maximum mean values for 4 traits including grain
iron content and grain zinc content. Cluster llI
had minimum mean values for days to 50%
flowering, days to physiological maturity, plant
height and canopy temperature while, maximum
mean value for 4 traits including grain yield per
plant. The average intra cluster distance ranged
from 0.00 to 200.40. Maximum intra cluster
distance was observed in cluster Il (200.40)
followed by cluster | (145.72), while the lowest
intra cluster distance was recorded for cluster 11l
i.e. zero (0). The highest inter cluster distance
was recorded between cluster 1l and Il (536.72)
followed by cluster | and Ill (370.74). The lowest
inter cluster distance was observed between
cluster | and Il (355.34) (Table 4). The highest
contribution in the manifestation of total genetic
divergence was exhibited by grain iron content
(44.00%) followed by grain zinc content
(35.56%), plant height (8.89%), days to
physiological maturity (6.67%), grain yield per
plant (4.44%), days to 50% flowering (2.22%)
and flag leaf area (2.22%). The contribution of
remaining traits in manifestation of genetic
divergence was even lower (Table 6).

The investigation of relationship between
parental genetic diversity and heterosis (Table 7)
indicated that majority of crosses belong to
moderate divergence class. The cross P;xPs
exhibited significant better parent heterosis for
maximum no. of traits including grain iron
content, grain zinc content, days to 50%
flowering, days to physiological maturity and
chlorophyll content. Both parents P, and Ps
involved in the cross belong to the same cluster
II. On the basis of intra-cluster D-value, the cross
belongs to the low divergence class. Five
crosses Vviz., P1xP,, P1xPg, P3xPg, P,xP; and
PsxPy, exhibited better parent heterosis for 4
traits including grain zinc content. Based on intra
and intercluster D-value P,xP,, P3xPg and P,xP;
belongs to moderate divergence class while
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PsxP1, belongs to low divergence class. The
divergence classes of crosses exhibiting positive
significant heterobeltiosis and SCA effects for
grain yield per plant, grain iron content and grain
zinc content is presented in Table 8 which
indicate that out of forty five crosses, cross P,4xPqg
andPsxPg the former from moderate divergence
group and latter belongs to low divergence
group-showed positive significant heterosis and
SCA effects for grain yield per plant. For grain
iron content, one cross (P7xPg) with high, two
crosses (PsxPg and PgxPg) with moderate and
four crosses (P4xPs, P;xPiy, PsxPig, PgxPig)
with low divergence classes reported positive
significant heterosis and SCA effects. For grain
zinc content, among the 45 crosses, two crosses
(PoxPg & PgxPg) from high, nine crosses (P1xPy,,
P1xP1o, P2xPs, PoxP7, PyxPig, P3xPg, PsxPs,
PexP;& PgxPg) from moderate and two crosses
(P4xPs & PsxPyy) from low divergence classes
reported positive significant heterosis and SCA
effects.

4. DISCUSSION

Based on clustering pattern Cluster |1 and Il
comprised of four and five genotypes
respectively, while Cluster Il was mono%enotypic
in nature. Similar studies based on D"-statistic
was also performed by Sudeepthi et al. [15],
Singh et al. [16], Kumari et al. [17], Nirosha et al.
[18], Sreedhar [19], Singh et al. [20] and Devi et
al. [21]. The clustering pattern showed that
genotypes of different geographical areas were
clubbed in one group and also the genotypes of
same geographical area were grouped into same
cluster as well as in different cluster indicating
that there was no formal relationship between
geographical distribution and genetic diversity.
Based on cluster mean values, genotypes
belonging to cluster lll are most promising and
can be selected for development of varieties with
earliness, dwarfness, better yield potential or
combination of any of these parameters. Parents
belonging to cluster Il were found promising for
high grain iron and zinc content; therefore, these
can be utilized in breeding programs for the
improvement of nutritional quality of grains.
Selection of genotypes based on cluster mean
for the better exploitation of genetic potential was
also reported by Perween et al. [22], Rathod et
al. [23], Radha et al. [24] and Shivani et al. [25].
The maximum intra cluster distance was
observed in cluster 1l followed by cluster |
indicating differences in genotypes within cluster.
The genotypes in cluster Il and cluster lll, due to
maximum inter cluster distance between them,
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Table 2. Clustering pattern of ten parents on the basis of D? statistic

Cluster No. of Genotypes within cluster Genotypes in cluster

I 4 KHUSISOI-RI-SAREKU (Ps), TEINEM RUISHENG MAA (P10), R-RIZIH-7 (Ps) and NGOBANYO RED COVER (P4)
I 5 TEVIRII (P3), KALA JIRA JAHA (Ps), HATI BANDHA (P2), IR68144-2B-2-2-3-1 (P1) and IR91175-27-1-3-1-3 (P7)

I 1 MTU 1010 (Pg)

Table 3. Cluster mean for fourteen quantitative characters

Cluster DFF DPM PH FLA CT CcC PL ETPP GPP TW HI GIC GzZC GYPP
Cluster | 89.50 111.25 136.00 42.59 30.33 35.11 25.83 10.00 156.42 21.37 48.92 12.41 23.96 37.53
Cluster Il 93.20 118.87 121.33 32.78 31.87 40.26 25.63 7.67 131.80 21.63 51.79 16.05 24.67 31.96
Cluster Ill 73.33 97.67 106.33 35.13 22.17 38.97 24.00 16.67 197.67 21.11 55.27 13.25 21.27 41.40

Table 4. Mean intra- and inter-cluster distance (D2) among three clusters

Cluster Cluster | Cluster |l Cluster Il
Cluster | 145.72

Cluster Il 355.34 200.40

Cluster IlI 370.74 536.72 0.00

Table 5. Percentage contribution of fourteen characters towards total divergence

Sl. No. Character Times ranked 1% Contribution (%)
1 Days to 50% flowering (d) 1 2.22
2 Days to Physiological maturity (d) 3 6.67
3 Plant Height (cm) 4 8.89
4 Flag leaf area (cm?) 1 2.22
5 Canopy Temperature (°C) 0 0.00
6 Chlorophyll Content (SPAD) 0 0.00
7 Panicle length (cm) 0 0.00
8 Effective Tillers per Plant (no.) 0 0.00
9 Grains per Panicle (no.) 0 0.00
10 Test Weight (g.) 0 0.00
11 Harvest index (%) 0 0.00
12 Grain Iron Content (ppm) 18 40.00
13 Grain Zinc Content (ppm) 16 35.56
14 Grain yield per plant (g) 2 4.44
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Table 6. Relationship between parental diversity and heterosis in F; crosses

Sl. No. Crosses Number of characters for which the F; was heterotic Cluster to which parents belong Corresponding intra- or inter-cluster D-value Divergence class
Male Female
1. P1 x P3 1 Il I 14.16 M
2. P1 x P4 4 Il I 18.85 M
3. P1 x P6 4 Il I 14.16 M
4. P1 x P7 1 Il I 14.16 M
5. P1 x P8 1 Il I 18.85 M
6. P1 x P9 2 Il 1] 23.17 H
7. P1 x P10 1 Il I 18.85 M
8. P2 xP3 3 Il I 14.16 M
9. P2 x P6 1 Il I 14.16 M
10. P2 x P7 1 Il I 14.16 M
11. P2 x P9 2 Il 1] 23.17 H
12. P2 x P10 1 Il I 18.85 M
13. P3 x P4 3 Il I 18.85 M
14. P3 x P5 2 Il I 18.85 M
15. P3 x P6 4 Il I 14.16 M
16. P3 x P7 2 Il I 14.16 M
17. P3 x P9 1 Il 1] 23.17 H
18. P3 x P10 2 Il I 18.85 M
19. P4 x P5 5 | I 12.07 L
20. P4 x P6 3 | I 18.85 M
21. P4 x P7 4 | I 18.85 M
22. P4 x P9 1 | 1] 19.25 M
23. P4 x P10 2 | I 12.07 L
24, P5 x P6 1 | I 18.85 M
25. P5 x P7 1 | I 18.85 M
26. P5 x P8 1 | I 12.07 L
27. P5 x P9 2 | 1] 19.25 M
28. P5 x P10 4 | I 12.07 L
29. P6 x P7 1 Il I 14.16 M
30. P6 x P9 1 Il 1] 23.17 H
31. P6 x P10 2 Il I 18.85 M
32. P7 x P8 1 Il I 18.85 M
33. P7 x P9 2 Il 1 23.17 H
34. P8 x P9 1 | 1 19.25 M
35. P8 x P10 2 | | 12.07 L

H- High, M- Moderate, L- Low
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Table 7. Divergence classes of crosses exhibiting positive significant heterobeltiosis and SCA effects for grain yield per plant, grain iron content and grain zinc content

Character Crosses Heterobeltiosis SCA effect Divergence class
Grain Yield per plant P4 x P9 14.96* 3.741* M
P5 x P8 13.84* 4.964** L
Grain Iron Content P4 x P5 15.50** 1.157* L
P4 x P10 25.37** 2.586** L
P5 x P9 17.66** 1.320** M
P5 x P10 22.29** 2.362** L
P7 x P9 6.21* 2.524** H
P8 x P9 21.13* 2.502** M
P8 x P10 15.38** 0.861** L
Grain Zinc Content Pl x P4 5.92** 4.820%* M
P1 x P10 2.83* 2.942%* M
P2 x P3 9.81** 1.717* M
P2 x P7 5.46** 2.471* M
P2 xP9 35.48** 6.596** H
P2 x P10 11.33** 1.585** M
P3 x P6 4.23* 1.176** M
P4 x P5 5.36** 3.497** L
P4 x P7 6.79** 3.829** M
P5 x P10 6.97** 2.902** L
P6 x P7 7.85%* 3.380** M
P6 x P9 8.82** 2.205** H
P9 x P10 7.33** 0.925** M

H- High, M- Moderate, L- Low
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Table 8. Mean performance of crosses over better parent

Crosses/Parents DFF DPM PH FLA CT cC PL ETPP GPP TW HI GIC GzZC GYPP
P1 x P, 93.00 111.67 100.7" 35.14 32.26 40.1 24.17 8 134.67 21.18" 55.49" 11.9 22.2 32.80
P1 x Ps3 84.67 109.00 107.3 29.04 33.24 28.1 25.17 6 123.67 22.26" 59.62" 14.6 276"  30.39
Py x Py 82.67 105.33 114.0 25.66 31.37 47.9* 27.00" 9 146.47 21.45" 53.29" 16.5" 29.8*  38.03"
Py x Ps 87.67 108.33 100.7° 43.61" 31.81 41.5° 23.33 8 141.60 22.41° 56.11" 12.4 25.8 35.54
Py x Pg 72.00" 105.67 104.7° 41.63" 33.19 445° 28.83" 6 125.78 21.46" 54.55" 15.6 20.8 30.60
Py x P7 70.33" 96.67" 100.3° 20.21 30.36 41.8" 22.17 11 162.42 22.94" 53.22" 13.0 21.3 42.09"
P; x Pg 73.33" 108.33 104.7F 40.72 30.83 31.9 24.83 10 154.51 23.22° 52.95" 13.0 24.7 39.72"
P1 x Pg 73.00" 103.67 166.0 29.28 30.50 38.6 28.83" 11 161.82 24.63" 54.51" 15.5 28.7*  39.87"
P1 x Py 99.67 118.00 107.3 34.54 31.93 43.6" 26.17" 8 140.80 23.94" 54.22" 13.4 28.9*  35.15
P, x P3 104.67 128.00 97.7" 28.12 33.18 50.9* 29.67" 6 126.62 23.05" 55.07" 135 25.8 31.47
P, x Py 107.00 133.00 122.7 30.89 31.97 42.0" 23.67 8 140.18 22.74" 56.59" 16.8" 22.8 34.42
P2 x Ps 108.33 129.33 132.7 44.24" 31.05 38.1 25.50 9 149.47 22.06" 50.80" 13.2 20.1 38.28"
P, x Pg 103.33 123.33 128.7 32.45 32.37 36.0 24.00 8 129.53 22.93" 49.17 12.0 23.6 32.42
P2 x P7 82.33 103.67 134.0 35.71 29.64 33.7 26.33" 11 168.03 21.75" 47.51 16.1° 26.4 43.12°
P2 x Pg 101.00 127.67 127.3 43.00" 30.87 44.0" 26.33" 10 154.35 18.52 37.93 15.4 24.3 39.18"
P, x Pg 81.33 102.00 119.7 42.53" 31.57 40.6 28.67" 9 144.68 22.88" 42.95 15.5 30.8*  37.07
P, x Pyg 88.33 107.67 170.3 40.68 32.15 33.9 28.00" 8 136.67 21.56" 54.90" 15.4 26.0 33.07
Ps x Py 90.67 113.00 154.7 41.58" 31.37 46.2" 22.67 9 145.68 22.43" 52.80" 15.4 20.9 37.37"
Ps x Ps 85.00 110.3 130.7 40.93 32.73 37.7 27.33" 7 126.67 22.36" 48.42 13.4 25.5 31.70
Ps x Pg 75.67" 104.67 156.7 37.76 34.48 35.6 23.33 4 109.33 22.40" 46.62 11.4 25.0 26.75
Ps x Py 82.00 105.00 134.0 32.97 30.55 35.6 23.67 10 160.12 21.18" 43.34 14.4 23.2 39.79"
P3 x Pg 88.00 107.00 138.3 4451° 32.60 30.8 25.17 7 127.75 20.41 38.01 15.6 20.4 32.34
P3 x Pg 74.67° 105.33 165.7 27.22 31.23 45.6° 27.33" 9 146.57 22.71° 57.17° 14.6 235 38.23"
P3 x Py 91.67 111.67 112.3 43.96" 32.31 36.1 24.83 8 129.75 25.05" 46.04 12.4 24.4 32.76
P, x Ps 74.00" 101.00" 166.7 29.55 30.97 51.5 25.63 9 151.33 22.90" 52.87" 15.3 27.3 38.51"
P, x Pg 93.33 116.00 107.7 46.79" 32.63 39.7 23.67 7 127.12 19.85 49.11 11.2 20.5 31.93
P, x Py 80.33 105.67 136.3 32.56 27.98 43.7" 26.50" 12 178.27 23.99" 48.21 11.3 26.8 46.21"
P, x Pg 92.67 113.33 107.0 42.85" 30.13 38.3 22.67 11 167.38 21.49" 46.01 12.7 20.9 43.01"
P4 x Pg 95.00 118.00 142.3 40.23 27.17 43.4° 27.33" 12 184.67" 23.74" 58.66" 12.2 19.2 47.60"
P4 x Py 92.67 114.33 87.7" 37.74 30.87 345 26.17" 10 154.32 22.46" 50.08" 16.3" 23.4 39.17
Ps x Pg 92.00 113.33 92.3" 38.45 32.01 34.9 27.83" 8 137.33 23.90" 55.13" 14.1 26.1 33.24
Ps x P, 81.67 101.67 159.3 34.32 29.37 44.2% 23.33 11 172.65 22.60" 52.70" 16.1° 23.3 43.54"
Ps x Pg 82.33 107.00 166.7 44.37" 28.31 35.0 24.17 11 175.23 23.29" 56.39" 13.1 21.9 46.03"
Ps x Pg 94.67 120.33 167.7 38.99 30.20 44.0* 26.50" 11 164.99 22.74" 56.21" 15.6 22.1 42.69"
Ps x P 107.67 129.33 125.0 35.16 31.57 44.5* 25.00 9 145.32 23.90" 54.03" 16.2° 27.7° 37.19
Pe x Py 97.33 119.00 100.7" 30.60 30.96 45.9* 23.50 9 153.47 22.57" 47.88 8.9 27.0 38.53"
Pe x Pg 98.67 124.67 100.0° 39.78 32.00 46.3" 27.33" 8 138.40 21.74" 51.46" 9.9 25.2 33.92
Pg x Pg 94.00 117.00 106.7 33.05 30.73 45.3" 24.83 10 158.71 20.97" 53.53" 10.7 26.1 39.74"
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Crosses/Parents DFF DPM PH FLA CT cC PL ETPP GPP TW HI GIC GzZC GYPP
P x P1o 74.67" 107.33 148.7 30.51 31.98 45.7° 28.67" 8 138.78 22.60" 53.84" 12.5 21.7 34.11
P; x Pg 90.00 110.00 117.3 47.26" 27.28 345 27.83" 12 183.58" 21.90" 53.30" 14.9 21.6 46.62"
P; x Py 76.00" 104.33 171.3 43.66" 23.37° 39.6 28.50" 17" 197.17° 22.45" 51.55" 16.9* 21.7 50.81*
P; x Py 82.00 106.33 106.3 38.88 28.56 33.8 25.17 11 174.7 23.74" 55.07" 14.0 20.1 44.55"
Pg x Py 99.00 119.33 151.0 31.33 28.51 39.0 26.67" 11 174.80 22.83" 51.21" 16.1" 245 45.73"
Pg x P 81.67 102.67 107.3 27.09 30.39 41.5* 26.00 11 162.13 23.07" 45.46 14.0 23.2 40.94"
Py x P1g 109.00 128.00 167.0 36.54 30.23 33.1 26.50" 11 164.02 21.41" 53.55" 11.4 25.1 42.31"
IR68144-2B-2-2-3-1 91.6 116.33 95.7 36.85 32.77 41.9 22.33 7 126.67 20.73 55.74 16.1 28.1 31.61
HATI BANDHA 82.00 112.00 138.7 25.68 33.27 39.9 29.00 6 113.67 22.06 53.52 16.4 22.7 29.90
TEVIRII 96.00 124.00 144.7 28.63 33.71 32.0 26.50 5 113.57 21.79 51.55 15.7 235 28.25
NGOBANYO RED COVER  103.33 127.67 99.0 42.53 30.70 41.1 26.33 10 159.52 17.51 40.26 13.0 21.8 39.75
KHUSISOI-RI-SAREKU 85.00 105.67 185.7 45.41 31.71 30.3 25.00 9 141.88 22.05 52.75 13.3 25.9 37.03
KALA JIRA JAHA 108.00 132.33 124.0 29.75 34.18 45.2 23.67 5 111.67 22.69 51.29 16.1 24.0 27.17
IR91175-27-1-3-1-3 88.33 109.67 103.7 42.98 25.43 42.3 26.67 16 193.35 20.88 46.84 15.9 25.1 42.89
R-RIZIH-7 84.67 106.67 101.0 40.79 26.74 36.7 27.33 13 189.18 23.48 51.25 11.3 24.8 40.43
MTU 1010 73.33 97.67 106.3 35.14 22.17 39.0 24.00 17 197.48 21.11 55.25 13.3 21.3 41.40
TEINEM RUISHENG MAA  85.00 105.00 158.3 41.61 32.17 32.3 24.67 8 135.00 22.41 51.41 12.1 23.4 32.90
Mean of Best Parent 73.33 97.67 95.7 45.41 22.17 45.2 29.00 17 197.48 23.48 55.74 16.4 28.1 42.89
C.D. 5% 4.22 3.83 9.93 3.88 3.01 4.30 2.95 2.53 15.41 2.96 5.56 0.49 0.58 5.53

*Significant, + at par @5% level of significance
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exhibited high degree of genetic diversity and
thus may be utilized under inter-varietal
hybridization programmes (transgressive
breeding) for getting high yielding recombinants.
Similar inter-varietal crosses may also be
attempted between genotypes in cluster | and .
Similar studies based on D? statistic was also
performed by Patil et al. [26] and Ali et al. [27].
The selection and choice of parents mainly
depends upon contribution of characters towards
divergence. The maximum contribution in the
manifestation of genetic divergence was
exhibited by grain iron content followed by grain
zinc content, plant height, days to physiological
maturity and grain yield per plant. Therefore,
selection for these characters in particular may
be rewarding. The maximum contribution
towards total divergence was reported by
Nirosha et al. [18] for grain zinc content, Garg et
al. [28] for days to maturity and Apsath Beevi &
Venkatesan [29] for grain yield per plant. The
study of relationship between parental diversity
and heterosis in F; crosses indicated that
majority of crosses belongs to moderate
divergence class. The cross P4xPs exhibiting
better parent heterosis for maximum traits also
exhibited at par mean performance for 5 traits
including grain yield per plant over the better
parent (Table 9). This suggests the accumulation
of favourable alleles in parents and when they
converge in hybrid combination gives superior
performance even if they belong to low
divergence class. Earlier workers have also
reported similar results in different crops like
Suman et al. [30] in maize, Krishnamurthy et al.
[31] in chilli, Usatov et al. [32] in sunflower,
Pandey et al. [33] in Indian pigeonpea and
Tripathy et al. [34] in sesame.

5. CONCLUSION

Experience of hybrid rice breeding generally
showed that the chance of developing heterotic
hybrids is much higher when parents have high
genetic distance or when they are selected from
inter-clusters than from intra-cluster, wherein the
clusters could mean geographic regions,
ecotypes and sub-species. However, it does not
necessarily mean that all hybrids originating from
parents selected from distant clusters give a high
yield or heterosis. In our study the frequency of
heterotic crosses and magnitude of heterosis for
yield and its component traits were found to be
higher in crosses involving the parents with
intermediate genetic distance than the extreme
ones.

Kumar et al.; IJECC, 11(9): 81-91, 2021; Article no.lJECC.75369

89

DISCLAIMER

The products used for this research are
commonly and predominantly use products in our
area of research and country. There is absolutely
no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
any litigation but for the advancement of
knowledge. Also, the research was not funded by
the producing company rather it was funded by
personal efforts of the authors.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Sands DC, Morris CE, Dratz EA, Pilgeram
AL. Elevating optimal human nutrition to a
central goal of plant breeding and
production of plant-based foods. Plant Sci.
2009; 177:377-389.

Gregorio GB, Senadhira D, Htut H and
Graham RD. Breeding for trace mineral
density in rice. Food Nutr. Bull.
2000;21:382-386.

Zhang MW, Guo BJ and Peng ZM.
Geneticeffects of Fe, Zn, Mn and P
content in indica blackpericarp rice and
their genetic correlations with grain
characteristics. Euphytica. 2004;135: 315-
323.

Bouis HE. Plant breeding: A new tool for
fighting micronutrient malnutrition. J. Nutr.
2002;132:491-494.

Allard RW. Principles of Plant Breeding.
John Wiley and Sons Inc. London.
1960;83-108.

Murthy BR and Arunachalam V. The
nature of genetic divergence in relation to
breeding system in crop plants. Indian J.
Genet., 1966;26:188-198.

Zahan MI, Bhuiyan MSR and Hossain
MS. Genetic divergence in Oleiferous
Brassica species. J. Sher-e-Bangla Agric.
Univ. 2008;2(1):1-6.

Singh SP, Shukla S, Singh N. Genetic
divergence in relation to breeding for fatty
acids in opium poppy (Papaver somniferum
L.). J. Genet. Breed. 1998;52:301-306.
Melchinger AE. Genetic diversity and
heterosis. In: Coors JG, Pandey S (eds)
The genetics and exploitation of heterosis
in crops. CSSA, Madison, WI;1999.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Falconer DS, Mackay TFC. Introduction to
quantitative genetics, 4th edn. Longman,
England, 1996.

Singh SP, Singh M. Multivariate analysis in
relation to genetic improvement in Cuphea
procumbens. J. Genet. Breed.,
2004;58:105-112.

Farooq MSU, Diwan JR,
Mahantashivayogayya K, Kulkarni VV,
Shakuntala NM. Molecular
characterization of rice (Oryza sativa L.)
genotypes using trait specific markers for
grain zinc content. Int. J. Pure & App.
Biosci. 2018;6(6):772-781.

Mahalanobis PC. On the generalized
distance in statistics. Proc. Nat. Inst. Sci. of
India. 1936;2:49-55.

Arunachalam V, Bandyopadhyay A,
Nigam, SN and Gibbons RW. Heterosis in
Relation to Genetic Divergence and
Specific Combining Ability in Groundnut
(Arachis  hypogaea L.). Euphytica.
1984,;33:33-39.

Sudeepthi K, Srinivas T, Kumar BNVSRR,
Jyothula DPB and Umar SN. Genetic
Divergence  Studies for  Anaerobic
Germination Traits in Rice (Oryza sativa
L.). Current Journal of Applied Science and
Technology. 2020;39(1):71-78.

Singh SK, Vishal Pandey, Korada
Mounika, Singh DK, Khaire AR, Sonali
Habde, Prasanta Kumar Majhi, Singh SK,
Pandey V, Mounika K, Singh DK, Khaire
AR, Habde S and Majhi PK. Study of
genetic divergence in rice (Oryza sativa L.)
genotypes with high grain zinc using
Mahalanobis’ D? analysis. Electronic
Journal of Plant Breeding. 2020;11(2):367-
372.

Kumari S, Mishra SB and Nilanjaya.
Genetic Divergence Study in Rice (Oryza
sativa L.) Genotypes under Drought
Condition. Int. J. Curr. Microbiol. App. Sci.
2020;9(09):825-832.

Nirosha R, Thippeswamy S, Ravindrababu
V, Reddy VR and Spandana B. Genetic
diversity analysis of Zinc, lron, Grain
protein content and yield components in
rice. Electronic Journal of Plant Breeding.
2016;7(2):371-377.

Sreedhar S. Studies on Variability,
Heritability, Genetic Advance and
Divergence for Yield and Yield Components
in Various Maturity and Grain Type Groups
of Rice (Oryza Sativa L.) Genotypes. Bull.
Env. Pharmacol. Life Sci. 2017;6(1):467-
474.

Kumar et al.; IJECC, 11(9): 81-91, 2021; Article no.lJECC.75369

90

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Singh A, Gupta, M, Kumar, SD, Kumar GK,
Dubey V, Rampreet, Singh KN and Dwivedi
DK. Genetic divergence in rice varieties
having iron and zinc. International Journal of
Chemical Studies. 2018;6(2): 3578-3580.
Devi M, Jyothula DPB, Krishnaveni B and
Rao VS. Genetic Divergence Studies in
Rice (Oryza sativa L.) Hybrids for Yield,
Yield Component Traits and Quality
Parameters. Int. J. Curr. Microbiol. App.
Sci. 2019;8(06):1577-1583.

Perween S, Kumar A, Prasad BD and
Choudhary M. Assessment of Genetic
Diversity in Rice (Oryza sativa L.) under
Irrigated and Drought Stress Condition.
Current Journal of Applied Science and
Technology. 2020;39(1):112-125.

Rathod R, Pulagam MB, Sanjeeva RD
Chary DS, Bharti M and Ravindra BV.
Genetic divergence in high Iron & Zinc
genotypes of Rice (Oryza sativa L.).
International  Journal of  Advanced
Biological Research. 2017;7(3):638-640.
Radha T, Kumar PS and Saravanan K.
Genetic Divergence for Quantitative and
Quality Traits in Rice (Oryza sativa L.). Int.
J. Curr. Microbiol. App. Sci.,
2018;7(05):494-500.

Shivani, Dwivedi DK, Husain R, Kunvar G
and Khan NA.Genetic Divergence for Yield
and Other Quantitative Traits in Rice (Oryza
sativa L.). Int. J. Curr. Microbiol. App. Sci.
2018;7(01):1201-1207.

Patil R, Diwan JR, Nidagundi JM, Lokesha
R, Ravi MV, Boranayak MB and Dikshith
S. Genetic Diversity of Brown Rice for Iron
and Zinc Content. Electronic Journal of
Plant Breeding. 2015;6(1): 196-203.

Ali T, Singh MK, Bharadwaj DN and Singh
L. Analysis of Genetic Divergence in
Wheat (Triticum aestivum L.).
Environment & Ecology.
2017;35(3B):2081-2083.

Garg P, Pandey DP and Kaushik
RP.Genetic divergence for yield and
quality traits in rice (Oryzasativa L.).
Journal of Rice Research. 2011;4(1&2):1-
5.

Beevi HA and Venkatesan M. Genetic
divergence studies in rice (Oryza sativa L.)
genotypes under natural saline condition.
Journal of the Andaman Science
Association, 2015;20(1):35-38.

Suman SK, Kumar M, Kumar R, Kumar A,
Singh D, and Kumar A. Assessment of
genetic diversity in inbred lines of maize
(Zea mays L.) and its relationship with



31.

32.

heterosis. International Journal of
Chemical Studies. 2020;8(4):2917-2920.
Krishnamurthy SL, Rao AM, Reddy KM,
Ramesh S, Hittalmani S and Rao M. Limits
of parental divergence for the occurrence
of heterosis through morphological and
AFLP marker in chilli (Capsicum annuum
L.). Current Science. 2013;104(6):738-746.
Usatov AV, Klimenko Al, Azarin KV,
Gorbachenko OF, Markin NV, Tikhobaeva
VE, Kolosov YA, Usatova OA, Bakoev S,
Makarenko M and Getmantseva L. The
relationship  between heterosis and
genetic distances based on SSR markers
in Helianthus annuus. American
Journal of Agricultural and Biological
Sciences.2014;9(3):270-276.

Kumar et al.; IJECC, 11(9): 81-91, 2021; Article no.lJECC.75369

33.

34.

Pandey P, Pandey VR, Kumar A, Yadav S,
Tiwari D and Kumar R. Relationship
between heterosis and genetic diversity in
Indian pigeonpea (Cajanus cajan L.)
Millspaugh accessions using multivariate
cluster analysis and heterotic grouping.
Australian Journals of Crop Science.
2015;9(6):494-503.

Tripathy SK, Mishra DR, Mishra D, Dash
S, Pradhan K, Raj KRR, Mohanty MR,
Mohapatra PM, Mohanty SK and Panda
S. Inter-relationship of mean performance,
heterosis, combining ability and genetic
divergence in sesame (Sesamum indicum
L.). International Journal of Research in
Bioscience. 2017;6(1):8-13.

© 2021 Kumar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/75369

91



http://creativecommons.org/licenses/by/2.0

	/International Journal of Environment and Climate Change
	11(9): 81-91, 2021; Article no.IJECC.75369

	Parental Diversity and Its Relationship with Performance of F1 Hybrid in Rice (Oryza sativa L.)
	ABSTRACT
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	4. DISCUSSION
	5. CONCLUSION
	DISCLAIMER
	COMPETING INTERESTS
	REFERENCES


